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(54) BEARING DEVICE

(57)  In a bearing apparatus provided herein a hard
steel shaft is an opposite shaft of an Al-Sn-Si based alloy
plain bearing. Its wear resistance is enhanced. The bear-
ing apparatus comprises a steel shaft having hardness
of Hv 500 or more at least on a surface thereof, and a
plain bearing. The plain bearing is formed of an aluminum

alloy containing 2 to 10 mass% of Si, 8 to 18 mass% Sn,
and the balance being Al and unavoidable impurities,
wherein the volume of Sn phase is 50% or more of the
volume of the Si particles( the average particle diameter
of Si of the aluminum alloy is 4 to 10 wm). The aluminum
alloy has a hardness of Hv 45 or more.
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Description
Technical Field

[0001] The presentinvention relates to a bearing apparatus comprising a rotary shaft and a plain bearing for supporting
the rotary shaft. The rotary shaft is assembled in an automatic transmission (AT) or various auxiliary machines for an
automobile. In a specific bearing apparatus, a rotary steel shaft hardened by heat treatment, surface hardening or the
like is employed so as to adapt the bearing apparatus to sliding movement under severe conditions.

Background Technique

[0002] Patent Document 1: Japanese Unexamined Patent Publication (kokai) No. Hei 2-102912 discloses a bearing
apparatus, in which a heat-treated S45C shaft (hardness HRc 55) and an aluminum-alloy plain bearing are combined.
[0003] Patent Document 2: Japanese Unexamined Patent Publication (kokai) No. Hei 2-57653 relates to a bearing
apparatus, in which a heat-treated steel shaft (S45C, hardness HRc 55) and an aluminum-alloy plain bearing are com-
bined. The aluminum alloy is Al-Sn based and contains, by weight percentage, 7 to 20% Sn, 0.1 to 5% Pb, 1 to 10% Si,
0.3 to 3.0% in total of one or more of Cu, Mg and Zn, and 0.01 to 1.0% in total of one or more of Cr, Mn, Fe, Ni, Co, Ti,
V and Zr, with the balance essentially consisting of Al. In the Al-Sn based bearing alloy, 0.01 to 0.1% Sb is added to
strengthen the matrix and to modify the shape of the dispersed and precipitated Si particles in the Al matrix to such
forms as spheroid, oval, or those having rounded ends. In the case of end-rounded Si particles according to Patent
Document 2, an ideal point contact is realized. The hardness of the alloy is about Hv 40.

[0004] Patent Document 3: Japanese Unexamined Patent Publication (kokai) No. Hei 6-235038 also relates to a
bearing apparatus, in which a heat-treated steel shaft (S45C, HRc = 55), and an aluminum-alloy plain bearing are
combined. The aluminum alloy is Al-Sn based and contains, by weight percentage, 7 to 20% Sn, 0.1 to 5% Pb, 1to 10%
Si, and 0.01 to 1.0% in total of one or more of Si, Cr, Mn, Fe, Ni, Co, Ti, V and Zr, and 0.3 to 3.0% in total of Zn and Mg,
as well as 0.01 to 0.1% Sb, with the balance essentially consisting of Al. The dispersed and precipitated Si particles in
the matrix are spheroid, oval, or have shapes with rounded ends. Sb-Pb alloy particles precipitate in the vicinity of such
Si particles. The hardness of the alloy is slightly less than Hv 40.

[0005] PatentDocument4: Japanese Patent No. 3472284 relates to "an aluminum-based bearing alloy, characterized
in that: it contains 1.5 to 8 mass% Si, with the balance essentially consisting of Al; the Si particles having a particle
diameter of less than 4 um account for 20 to 60% of the area of the Si particles present on the sliding surface and the
Si particles having a particle diameter of 4 to 20 wm account for 40% or more of the area of the Si particles present on
the sliding surface." The latter Si particles having a particle diameter of 4 to 20 um (40% by area or more) contribute to
wear resistance, and the former Si particles having a particle diameter of less than 4 um (20 to 60% by area) contribute
to fatigue resistance. During the wear resistance test, start and stop are repeated. Si particles having a particle diameter
of 4 to 20 um are subjected to the load of an opposite shaft but are neither buried in the Al matrix nor separated from
the Al matrix. Wear resistance of the aluminum alloy against S55C, which is the opposite material in the Examples, is
improved. Its heat treated state is not described.

[0006] Non-Patent Document 1: "Advance Papers of Academic Lecture Meeting of Corporate Juridical Person Auto-
mobile Engineering No. 46-99, 211, Development of Aluminum-Alloy Bearing with Improved Wear Resistance" relates
to a research of wear resistance of Al-Sn-Si alloy against an opposite shaft made of quenched steel (Hv 720 - 850). In
the "Discussion" section of this document, the following is described. "The relatively soft matrix of Al alloy is exclusively
worn out during the progress of wear. Therefore, Si enriches on the sliding surface. As the amount of Si increases on
the sliding surface, much more load can be supported to such an extent that wear of bearing is suppressed. However,
when Si particles have a small diameter or hardness is low, Si separates from the surface during sliding, as Si continuously
enriches. Consequently, separation and enrichment of Sirepeat during the progress of wear such that the Si concentration
on the surface remains unchanged. On the other hand, when Si particles have a large diameter and hardness is high,
Si is firmly held in the alloy and does not separate from the alloy. In this case, the progress of wear is slow.

[0007] The above notion has led to the development of a bearing alloy which has a composition of Al-4.5Sn-2.7Si-
1.5Cu-0.2Cr-0.15Zr and the following features.

(1) Siis included in the aluminum-based bearing alloy as hard matter and has a size of 5.5 um in terms of average
particle diameter. Hardness of the developed material is 53HV. The developed material is wear resistant as high
as three to four times the conventional material.

(2) Improved wear resistance is believed to be attributable to the mechanism that the enriched Si is firmly held on
the sliding surface and hence bears load.

(3) Structure and strength of alloy having an average particle diameter of 5.5 um is re-designed , and, as a result,
fatigue resistance of the developed alloy under reciprocating load is equivalent to conventional materials, and fatigue
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resistance under a rotary load is improved as compared with conventional materials. Seizure resistance is improved
as compared with a conventional material Al-12.5 Sn- 2.7Si-1.8Pb-1Cu -0.2Cr alloy.

[0008] The applicants including the present applicant proposed in Patent Document 5: Japanese Unexamined Publi-
cation (kokai) N0.2004-28278 a bearing apparatus comprising a shaft and a plain bearing. The shaft is a crank shaft
made of a non-heat treated steel having a metallographic structure of pearlite or a metallographic structure consisting
of 3% by area or less of primary ferrite and pearlite. The steel is neither high-frequency quenched nor surface hardened.
The surface roughness of the crank shaft is Rz 0.5 um or less. The hard matter formed of or comprising Si and having
a hardness of Hv 900 or more is dispersed in the Al matrix. The hard matter having a size of 6 wm or less is present on
the sliding surface. Cementite having approximately a hardness of Hv 700 and ferrite having a hardness of approximately
Hv 150 to 300 are the structural elements of the non-heat treated steel.

[0009] The applicants including a present inventor propose in Patent Document No. 6: Japanese Unexamined Patent
Publication (kokai) No. 2004-28276 a bearing apparatus comprising a shaft, which is the same as that of Patent Document
No. 2. The hard matter in the Al matrix of the Al-based alloy is or comprises Si and has a hardness of Hv 900 or more.
The Si content is 1 to 4 mass%.

[0010] An Al alloy proposed in Patent Documents Nos. 4 and 5 contains, by mass%, in addition to 2 to 20% of Sn, the
following elements: 1 to 3% Pb, 0.5 to 2% Cu, 0.1 to 1% Cr, 0.5 to 2% Mg, and 0.1 to 1% of one or more selected from
Zr,Mn, V, Tiand/or B. Si contained in said Al alloy takes the form of hard Si particles having a certain size and smoothens
surface of a non-heat treated steel shaft. As a result, wear resistance and seizure resistance are improved.

[0011] From the overall review of the prior art references, the following technical level is specified in relation to the Si
particles. In the case of a soft opposite shaft or material consisting of non-heat treated steel proposed in Patent Documents
Nos. 5 and 6, the Si particles of aluminum alloy have lapping effect on the opposite shaft. In Patent Documents Nos. 1,
2 and 3, the Si particles of aluminum alloy are maintained to have a point contact with the quenched steel of the opposite
shaft. Recently, since low viscous ATF has come to be used and various pumps are small-sized, the sliding conditions
become severe. Therefore, required levels for wear and seizure resistances are enhanced. The start and stop conditions
are employed in the wear test of Patent Document 4, because these conditions are severe and necessary to test enhanced
level of wear and seizure. Patent Document 4, however, does not refer to the heat treated state of a steel shaft. Patent
Document 4 describes that Si particles are held by the Al matrix during sliding. Non-patent Document 1, which was
published around the same time as Patent Document 1, is believed to be the first publication stating that Al, Sn and the
like are preferentially abraded by an opposite shaft made of quenched S55C, with the result that Si enriches on the
sliding surface.

Prior Art Documents
Patent Documents
[0012]

Patent Document 1: Japanese Unexamined Patent Publication (kokai) No. Hei 2-102912
Patent Document 2: Japanese Unexamined Patent Publication (kokai) No. Hei 2-57653
Patent Document 3: Japanese Unexamined Patent Publication (kokai) No. Hei 6-235038
Patent Document 4: Japanese Patent Specification No. 34472284

Patent Document 5: Japanese Unexamined Patent Publication (kokai) No. 2004-28278
Patent Document 6: Japanese Unexamined Patent Publication (kokai) No. 2004-28276
Patent Document 7: United States Patent No. 4471029

Non-patent Document

[0013] Non-patent Document 1: Advance Papers of Academic Lecture Meeting of Corporate Juridical Person Auto-
mobile Engineering No. 46-99, 211, Development of Aluminum-Alloy Bearing with Improved Wear Resistance"

Disclosure of Invention

Problems to be Solved by Invention

[0014] A method proposed in Non-patent Document 1 to improve wear resistance under severe conditions is to prevent
Si particles from separating out of the matrix of aluminum alloy. But it has turned out that the wear resistance is not

satisfactorily improved, when the Sn content is as low as 4.5%. In Patent Documents Nos. 2 and 3, opposite material
of the aluminum alloy is a heat-treated steel, but the aluminum alloy contains Pb and is soft. Therefore, it is an object
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of the present invention to improve wear resistance of an Al-Sn-Si plain bearing under severe sliding conditions, which
bearing is used in a bearing apparatus together with a hard steel shaft.

Means for Solving Problems

[0015] A bearing apparatus according to the present invention is characterized by a combination of a steel shaft having
hardness of Hv 500 or more at least on a surface thereof, and a plain bearing. An aluminum alloy used for the plain
bearing contains 2 to 10 mass% Si, 8 to 18 mass% Sn, with the balance consisting of Al and unavoidable impurities,
and has a hardness of Hv 45 or more. The volume of the Sn phase is 50% or more of the volume of Si particles having
an average Si particle diameter of 4 to 10 um. Here, when the volume of Sn phase is equal to the volume of Si particles,
the former volume relative to the latter volume is 100%. That is, the volume of Sn phase/volume of Si particles = 1 x
100%. This value exceeds 100%, when the volume% of Sn phase exceeds the volume of Si particles. The present
invention is described hereinafter in more detail.

Effects of Invention

[0016] The Sn and Si contents, the average diameter of Si particles, the Sn/Si particle volume ratio %, the hardness
were comprehensively adjusted in the Al-Sn-Si based alloy according to the present invention. As a result, its wear
resistance against a hard steel shaft under severe sliding condition could be improved.

Brief Explanation of Drawings
[0017]

[Figure 1] A drawing of a wear tester

[Figure 2] A graph showing cycles of the start and stop test.

[Figure 3] A graph showing the Sn content of Al-Sn-Si based alloy and the results of wear test.

[Figure 4] A photograph showing the microscopic structure of an Al-Sn-Si based alloy.

[Figure 5] A graph showing the relationship between the sequential cycles of the test illustrated in Figs. 1 and 2, the
particle diameter of Si and the amount of Si on the surface.

[Figure 6] A graph showing the relationship between the sequential cycles of the test illustrated in Figs. 1 and 2, the
particle diameter of Si, and wear depth.

[Figure 7] A graph showing the relationship between the ratio of Sn/Si contents and the results of wear test.
[Figure 8] A schematic drawing illustrating that Si enriches on the surface of an Al-Sn-Si based alloy having low Sn
content.

[Figure 9] A schematic drawing illustrating that Si enriches and is covered by Sn on the surface of an Al-Sn-Si alloy
having high Sn content.

[Figure 10] A graph showing the results of wear test in the Examples.

Description of reference Numerals
[0018]

1 - Aluminum-alloy phase of a plain bearing

2 - Si particles

3 - Sn phase

4 - Opposite shaft

5 - The aluminum-alloy phase 1 of a plain bearing and the opposite shaft 4 contact at 5.

(1) Opposite Shaft

[0019] An opposite shaft used in the present invention is made of quenched carbon steel or alloyed steel, nitrided
steel, carburized steel or the like and has hardness of Hv 500 or more at least on a surface thereof.
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(2) Aluminum-Alloy Plain Bearing
(a) Composition

[0020] A ternary Al-Sn-Si alloy is known per se in the technical field of aluminum alloy. The Al-Sn-Si aluminum alloy
according to the present invention is free of such components as Pb and Sb which decrease high-temperature strength.
The compositional range of the Al-Sn-Si based alloy according to the present invention is, by mass%, 2 to 10% Si and
8 to 18%, preferably, 3 to 10% Sn.

(b) Structure

[0021] In the present invention, the average diameter of Si particles falls in the range of 4 to 10 um, and the volume
of Si particles is 50% or more of the Si volume %. It was discovered that this structure is effective to prevent Si particles
from separating and hence improves wear resistance of a bearing.

[0022] Wear resistance of a bearing was evaluated as follows. An inventive aluminum-alloy rolled sheet product is
clad on a low-carbon steel sheet. The clad product is shaped into a cylindrical bushing having an outer diameter of 25
mm, and an inner diameter of 22 mm, and a bearing width of 10 mm. The bushing is tested in a static load friction tester
shown in Fig. 1. Fig. 2 shows a test pattern. The test conditions are as follows.

Load: 490N

Test Pattern: start-stop test (0 - 1000 rpm)
Sliding Speed: 0 - 1.2 m/s

Lubricating Oil: ATF

Temperature of lubricating oil: 120 degrees C
Material of shaft: SCM415 (Hardness Hv 800)

[0023] Fig. 3 shows the test results of the Al-Sn-5Si alloy. It is apparent from this drawing that, when Sn is in the range
of 8 to 18%, the wear depth decreases to a very small level. Other than the above components, 3 mass% or less in total
of at least one of Cu, Mg and Zn may be contained as a solute element(s) of the aluminum alloy. In addition, 0.5 mass%
or less in total of at least one of Cr, Zr, Mn, V and Sc may be contained as a precipitating component(s). Inevitable
impurities contained are Fe, Ti, B and the like in an amount of 0.5 mass% in total or less.

[0024] In the production of the Al-Sn-Si based alloy according to the present invention, a first intermediate product is
a continuously cast sheet, in which an Sn phase and eutectic Al-Si are present between the arms of Al dendritic crystals.
The continuously cast sheet is then cold rolled. The Sn phase and the Si particles are broken into pieces, separately.
The resultant cold-rolled sheet is pressure-bonded on a carbon steel sheet, that is, backing metal. The pressure bond
material on the backing metal is annealed as described in Table 1 of Patent Document 7; United States Patent No.
4471029. As the result of annealing, the size of the Si particles is adjusted, and the volume of Sn phase relative to the
Si particles is adjusted. Annealing condition is adjusted within the temperature range of 350 to 550 degrees C and the
time range of 3 to 10 hours. The post annealing structure is shown in Fig. 4, in which the vertical direction is the rolling
direction. The Sn phase, appearing in white, is elongated in the rolling direction. The Si particles, appearing in black,
are dispersed and broken into pieces by rolling. The Sn phase and Si particles are detected in the Al matrix. Fig. 4 is
an example of the optical microscope photograph taken in the cross section. The Si particles of Fig. 4 are analyzed by
an image analyzer to calculate the diameter of a circle corresponding to the particles. The diameter of Si particles herein
is the equivalent circle diameter. The volume % of Sn and Si in the alloy is calculated as follows. First, the weight of
each component is calculated on a weight % basis. The calculated weight of each component in the alloy is converted
to volume based on its density as a pure metal. The volume is again converted to volume % of the component. Sn is
virtually not dissolved in the matrix of aluminum, while Si is dissolved in the matrix. The volume % of Si calculated as
above is larger than the actual volume of Si particles, because the volume of the solute Si is included. The "Sn volume
%/Si volume %" (x 100) shown in Fig. 7 is based on the calculating method described above and well reflects the
tendency of wear resistance. As is described above, the volume % of Sn and Si in the alloy was calculated on a weight
% basis of Sn and Si in the alloy and densities of Sn and Si. Sn and Si may be present in any form other than the Sn
phase and Si particles, for example, solute Si although in a trace amount. Since solute Si is not identified as Si particles,
the "Sn volume/Si volume %" (x 100) used in the present invention is based on an assumption that, even if Sn and Si
are not identified as particles, they were present in the form of particles.

[0025] An Si particle indicated by an arrow P in Fig. 4 has a circle-equivalent diameter of 4.5 pm. The maximum
diameter of Si particles is less than 15 pm. The minimum diameter of Si particles, which can be identified under the
resolution of a microscope, is approximately 0.1 um. When the average particle diameter of Si particles is 2.5 pm, Si
enriches on the sliding surface but wear advances. On the other hand, when the average diameter of Si particles is 4.0
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wm or more, progress of wear is suppressed. The present inventors discovered that the enrichment of Si particles is
influenced by the Si amount, average diameter of Si particles and Sn content, as shown in Figs. 5 and 6. If the Si amount
is small, wear proceeds until Si enriches on the sliding surface. Si particles having a small average diameter separate
during operation. However, Si particles having a large average diameter are also liable to separate, if the Sn content is
low. As is shown in Fig. 7, the wear resistance is improved, when the Sn content relative to the Si content is large,
specifically, when the volume % of Sn in the alloy is 50% or more of the Si volume %. Mechanical properties are lowered
when the Sn content exceeds 18 mass%.

(c) Hardness

[0026] The strength of an Al-Sn-Si based bearing alloy is not only influenced by the strengthening components. That
is, as the Sn content, other than that of the strengthening components, is higher, the hardness lowers. The strength of
the bearing alloy can also be adjusted by modifying the following factors: cladding with a steel sheet, annealing of the
clad material, a subsequent cold rolling, and plastic working for shaping into a bearing. The Al-Sn-Si based alloy having
the compositional range mentioned in Item (a) above, and the structure mentioned in ltem (b) above, has improved
properties, provided that the hardness is Hv 45 or more, preferably Hv 50 or more.

(d) Wear Resistance

[0027] The test carried out by the present inventors in Non-patent Document 1 is not under the constant number of
revolution but under repeating start and stop conditions, where wear is liable to occur. The present inventors published
that during the progress of wear, Sn is abraded and Si enriches on the surface of aluminum alloy, then, the Si particles
separate from the surface of aluminum alloy.

[0028] Figs. 8 and 9 schematically illustrate that the Si particles enrich and then separate from the sliding surface.
Referring to these drawings, 1 denotes the aluminum-alloy phase of a plain bearing, 2 denotes the Si particles, 3 denotes
the Sn phase, 4 denotes an opposite shaft having surface roughness. The plain bearing and the opposite shaft mutually
contact at 5. The arrow indicates the sliding direction.

The aluminum-alloy phase 1 shown in Fig. 8 has a low Sn content. Therefore, Sn does not entirely cover the sliding
surface, and the opposite shaft 4 is liable to be brought into contact with the aluminum phase 1 and the Si particles 2.
Therefore, Si particles enrich, and the opposite shaft 4 is brought into direct contact with the enriched Si particles. In
this case, serious friction occurs and the Si particles are liable to separate.

The aluminum-alloy shown in Fig. 9 has high Sn content. While the Si particles enrich, the Sn phase 3 spreads over the
sliding surface and covers the concentrated Si particles 2. Therefore, contact friction of the aluminum-alloy with an
opposite shaft 4 is slight. That is, in the case where the Si particles 2 are covered as described above (c), friction between
the opposite shaft 4 and aluminum alloy becomes so small that the Si particles are prevented from separation. Meanwhile,
enrichment of Si particles promotes, and therefore, wear of aluminum alloy is prevented.

(e) Clad Material

[0029] A plain bearing made of said aluminum-alloy is pressure bonded onto carbon steel, preferably a low-carbon
steel, such as SPCC, SPHC or the like, by means of cold rolling. The plain bearing in the form of a clad material can be used.

Best Mode for Carrying Out Invention

[0030] Example 1 - Measurement of Enrichment of Si Particles and Sn Coverage An Al-Sn-Si alloy containing 2 to 10
mass% Si and 8 to 18% Sn was continuously cast. The cast alloy was cold-rolled to a thickness of 1.7 mm and then
pressure-bonded with a backing metal (SPCC), followed by annealing. The alloy components, the average diameter of
Si particles (referred to as "Diameter of Si Particles" in the Table), and the hardness of the alloy are shown in Table 1.
[0031]

[Table 1]
Sn Content (%) 7.0 7.0 15.0 15.0
Si Content (%) 2.7 2.7 5.0 5.0
Average Diameter of Si Particles(um) | 2.5(*) 5.0 6.5 9.5
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[0032] Three kinds of Al-Sn-Si alloys shown in Table 2 were subjected to the start-stop wear test described above.
The sliding surface before and after the test was analyzed. The five-point average values of Al, Sn and Si are shown in
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(continued)

Hardness (Hv)

‘53‘53‘61‘63

Remarks : * Comparative Example

Table 2.
[0033]
[Table 2]
Classification | Analytical Value of Surface before Test(mass%) | Analytical Value of Surface after Test (mass%)
Al Sn Si Al Sn Si
1 86.2 6.0 6.0 67.8 4.1 26.6
2 80.3 12.5 5.0 47.8 9.5 40.2
3 83.2 12.5 27 35.6 8.1 55.5

[0034] In Table 2, the Si concentration on the sliding surface of Alloys Nos. 1 through 3 was measured before and
after the wear test. The post-test Si concentration is higher than the pre-test Si concentration. It was ascertained that
Si enriches more on the surface of Alloys Nos. 2 and 1 having 50% or more of the Sn phase relative to the volume %
of Si particles. In order to verify the relationship between the Sn content and improvement in wear resistance, the post-
tested bearing surface was subjected to observation under an electron microscope. A number of marks of the separated
Si particles were observed on the surface of Alloy No. 1 having 6 mass% of Sn. On the other hand, almost no marks of
the separated Si particles were present on the surface of Alloy Nos. 1 and 2 having 12.5 mass% of Sn. The sliding
surfaces were subjected to EPMA. Distribution of the respective elements on the sliding surface was examined by
mapping of the EPMA analyzed elements. It was ascertained that the Sn predominantly distributes along the periphery
of Si particles.

Examples 2 - Examples of Aluminum Alloy Composition
[0035] The composition of Al-Sn-Si based alloys is shown in Table 3. Various main components and structures of

these alloys are examined. The amount of wear was measured by the method described in Paragraph 0021.
[0036]
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[0037] Inthe inventive Example Nos. 1 - 10 of Table 3, the volume % of Sn phase exceeds 50% relative to the volume
% of Si particles, that is, the Sn phase volume is 1/2 or more of the volume of Si particles. In every one of these examples,
separation of the Si particles was not appreciable after the test. The amount of wear was 20 uwm or less after the test.
In the Comparative Example Nos. 11 - 13, the Sn-phase volume % relative to the volume % of Si particles is less than
50%. Marks of separated Si particles were appreciable on the post-test sliding surface of these examples. The amount
of wear amount is large. In Nos. 14 -15, although the volume % of the Sn phase is more than 50% of the volume of Si
particles, since the average particle diameter of Si particles is small and the hardness of the alloy is low, the amount of
wear is large.

Industrial Applicability

[0038] When a bearing apparatus according to the present invention is used under severe sliding conditions, the plain
bearing exhibits improved wear resistance. Therefore, the apparatus is used under severe sliding conditions.

Claims

1. A bearing apparatus characterized by comprising a combination of a steel shaft having hardness of Hv 500 or
more at least on a surface thereof, and a plain bearing, wherein the plain bearing is formed of an aluminum alloy
containing 2 to 10 mass% of Si, 8 to 18 mass% Sn, and the balance being Al and unavoidable impurities, having a
hardness of Hv 45 or more, wherein the average particle diameter of Si of the aluminum alloy is 4 to 10 wm, and
the volume of Sn phase is 50% or more of the volume of the Si particles.

2. A bearing apparatus according to claim 1, wherein the aluminum alloy further contains 3 mass% or less in total of
at least one of Cu, Mg and Zn, 0.5 mass% or less in total of at least one of Cr, Zr, Mn, V and Sc, and 0.5 mass%
or less of Fe, Ti, B as inevitable impurities.

3. A bearing apparatus according to claim 1 or 2, wherein said plain bearing is a clad material of said aluminum-alloy
pressure bonded by cold rolling with carbon steel.

4. A bearing apparatus according to claim 3, wherein said carbon steel is a low-carbon steel sheet.
5. A bearing apparatus according to claim 3 or 4, wherein the aluminum-based alloy having said composition is con-

tinuously cast, the resultant continuously cast sheet is cold rolled and then heat-treated, thereby adjusting average
particle diameter of the Si particles, and is further subjected to said pressure bonding.
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